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Description

[0001] The present invention relates generally to elec-
trosurgical apparatus and methods for applying energy
to tissue surfaces. In particular, the present invention re-
lates to an electrode configuration which is suitable for
applying radio-frequency energy to tissue and to fuse
biological and other materials to tissue surfaces.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims priority from United
States Provisional Patent Application No. 60/047,922,
filed on May 29, 1997, and entitled "Electrosurgical Elec-
trode and Methods for its Use".

BACKGROUND OF THE INVENTION

[0003] The use of biological materials for the sealing
of wounds and other defects in tissue as well as for the
inhibition of tissue adhesion has been proposed. For ex-
ample, the use of gelatin and collagen materials for clos-
ing wounds and/or creating anti-adhesive surfaces over
tissue has been described in the prior art.
[0004] Of particular interest to the present invention,
the use of radio-frequency (RF) energy to fuse biological
materials to tissue surfaces has been suggested. While
the use of conventional electrosurgical electrodes for per-
forming such fusion has been proposed, the use of inert
gas beam coagulators has often been preferred since
there is no direct contact between the device and the
underlying tissue and fusible material. Inert gas beam
coagulators can be used to perform electrosurgery by
transferring RF energy via a beam or stream of ionized
inert gas which is directed to the underlying tissue. Thus,
there is no direct contact of an electrode surface with the
tissue and arcing and charring of the tissue/fusible ma-
terial is minimized. A gelatin patch intended for fusion to
lung tissue by the application of RF energy from an argon
beam coagulator is available under the name RAPI-
SEAL™ from Fusion Medical Technologies, Inc., of
Mountain View, California.
[0005] While effective, the use of such inert gas beam
coagulators for fusing a fusible material to tissue is prob-
lematic in several respects. Most significantly, many us-
ers have an initial difficulty in properly manipulating the
handpiece of the electrosurgical instrument to apply the
inert gas beam to the tissue. As there is no contact, there
is no tactile feedback enabling the user to "feel" the fusion
as it occurs. Moreover, inert gas beam coagulators are
not as widely available in operating rooms as conven-
tional electrosurgical coagulators, making their use
somewhat more inconvenient.
[0006] The use of more conventional electrosurgical/
electrocautery instruments would thus be beneficial in
some respects. It would allow the user to contact the
electrosurgical tip against the tissue/fusible material
while applying energy thereto. Electrosurgical power

supplies capable of supporting conventional electrosur-
gical tips are widely available and will thus both facilitate
the procedure and reduce its overall cost.
[0007] The use of standard electrosurgical/electrocau-
tery tips, however, is also problematic in certain respects.
Many electrocautery electrodes cause arcing between
the electrode tip and the underlying tissue. Such arcing
is undesirable when fusing a biological material to tissue.
Conventional electrocautery tip structures also have a
tendency to stick to the underlying tissue, which tendency
is exacerbated when an initially "loose" biological mate-
rial is to be contacted and fused to the underlying tissue.
[0008] It would therefore be desirable to provide im-
proved electrode tips for use in electrosurgical tech-
niques, particularly for the fusion of biological and other
materials to tissue. Such electrode tips should be capable
of applying radio-frequency energy evenly and uniformly
to the fusible materials, without significant arcing or char-
ring. In particular, the electrode tips should apply the ra-
dio-frequency energy without sticking so that the posi-
tioning of the fusible material is not disturbed and damage
to the tissue due to sticking does not occur. The electrode
tips should be usable with conventional electrosurgical
power supplies and should have geometries which permit
both accessibility to the patient target sites as well as
providing the proper energy density and flux for perform-
ing such fusion. In addition, it would be desirable if such
electrosurgical tips were also usable for coagulation and
other conventional electrosurgical procedures in addition
to the particularly preferred fusion techniques relating to
biological material.
[0009] In recent times, a split has developed between
the medical communities in Europe and the United
States. The desire to reduce the cost of medical supplies
and, thus, medical procedures causes a portion of the
medical community to embrace reusable medical sup-
plies and instruments. Typically such items are sterilized
with an autoclave, ethylene oxide gas, or other suitable
technique, before re-use. Such reusable items must be
able to withstand repeated sterilization through the auto-
claving or other sterilization processes. In addition, reus-
able items need to be designed to withstand the wear
and tear of repeated use. On the other hand, another
portion of the medical community avoids reusable mate-
rials in order to reduce the likelihood of contaminating
patients and medical personnel. In order to reduce such
contamination, disposable items are used predominant-
ly, or at least portions of the instruments and supplies
are disposable. Some of the other reasons supporting
reusables are that more expensive materials can be used
in reusable supplies and instruments, when those more
expensive materials have desirable characteristics, and
also that the environmental impact of disposable items
is so great.
[0010] U.S. Patent No. 4,074,718 discloses an elec-
trosurgical instrument with electrodes of increased ther-
mal conductivity and a plurality of heat radiators attached
thereto. Unfortunately, this reference did not recognize
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the importance of using bio-compatible materials, as sev-
eral bio-compatible materials (silver and gold) were men-
tioned as interchangeable with non-compatible materials
such as copper, aluminum, and beryllium. As to biocom-
patibility at least, these materials are clearly not inter-
changeable, and they are probably not interchangeable
in many other regards as well. In addition, the heat radi-
ators on the electrode are poorly conceived, having a
different effectiveness at different positional attitudes.
Since the radiators rely on natural convection to remove
heat from the electrode, the heat radiators will not func-
tion well when the electrode is oriented primarily vertically
because the heat radiators will then be positioned above
each other and heat convection away from the radiators
will not easily occur. In addition, the embodiment with the
ball electrode, shown in Figures 3 and 4, will not conduct
heat effectively to the radiators since there will be a bot-
tleneck in the smaller diameter region between the ball
and the heat radiators. Similarly, the embodiment shown
in Figures 1 and 2 will not conduct heat effectively to the
heat radiators because the electrode is a blade electrode
having a relatively small cross-sectional area relative to
its length which restricts the heat flow.
[0011] U.S. Patent No. 5,423,814 discloses a bipolar
coagulation device intended for endoscopic applications.
While there is a discussion in this reference of the need
to use metals having high thermal conductivity for the
electrode materials, the disclosure is of an alloy of such
materials, namely an alloy comprised roughly of 80%
copper, 15% silver and 5% phosphorous. Unfortunately
copper is not bio-compatible, and it is believed that phos-
phorous is not as well. A particular electrode shape in-
tended to enhance heat transfer away from the electrode
tip to reduce tissue sticking is disclosed in Figure 9a of
this reference. The conical shape disclosed suffers from
the drawback that there is no adequate heat reservoir
toward which to transfer the heat away from the tip. In
addition the width of the conical shape near the tip will
reduce the surgeon’s visibility. It is desirable that the elec-
trode block the surgeon’s view of the surgical site as little
as possible.
[0012] It has generally been believed by those in the
medical industry that silver, while high in thermal con-
ductivity, is not bio-compatible. Apparently this belief
arose because people referring to silver usually, if not
always, are referring to sterling silver. Sterling silver is
an alloy composed of 92.5% silver and 7.5% copper.
Since copper is clearly not bio-compatible, testing of ster-
ling silver has shown it is not bio-compatible. In addition,
pure silver is almost never used in any applications since
it is so soft or ductile. This is one reason why sterling
silver is used rather than pure silver. In addition, pure (or
nearly pure) silver is not commonly available through
supply channels.
[0013] It is against this background, and the desire to
solve the problems of the prior art, that the present in-
vention has been developed.

SUMMARY OF THE INVENTION

[0014] The present invention provides an improved
electrode assembly and methods for its use. The elec-
trode assembly is suitable for use with conventional elec-
trosurgical power supplies and is particularly suited for
applying radio-frequency energy to fuse a fusible material
to tissue. The energy applying tip of the electrode as-
sembly is capable of applying energy to tissue and/or a
fusible material in an even, uniform manner with little or
no arcing between the electrode and the tissue. The elec-
trode may be engaged and contacted directly against the
tissue/fusible material with minimum or no sticking to the
tissue and with reduced deep tissue damage. In addition,
the electrode is useful for coagulation and other electro-
surgical procedures in addition to fusing of the fusible
material to tissue.
[0015] The present invention relates to an electrode
for use in electrosurgery with an elongated electrode tip
having a distal end and a thermal reservoir joining the
electrode tip at a position spaced apart from the distal
end, the thermal reservoir generally having a greater
cross-sectional area than the cross-sectional area of the
electrode tip to enhance the heat flow from the electrode
tip to the thermal reservoir to reduce the temperature of
the electrode tip during electrosurgery.
[0016] The present invention also relates to an elec-
trode for use in electrosurgery with an electrode head at
a distal end of the electrode, the head having a distal and
a proximal end, wherein the head has a cross-sectional
area at the distal end that is substantially equal to or less
than the cross-sectional area of the head between the
distal end and the proximal end. The electrode also in-
cludes an enlarged electrode base joined to the proximal
end of the electrode head, wherein the electrode base
generally has a substantially larger cross-sectional area
than the electrode head.
[0017] The present invention also relates to an elec-
trode for use in electrosurgery, with an electrode com-
posed of a material with a purity level of over 95% by
weight, the material coming from the group consisting of
silver, gold, and any alloy of silver and gold, wherein the
remainder of the electrode is composed of a bio-compat-
ible material.
[0018] The present invention is also related to an elec-
trode for use in electrosurgery with an electrode com-
posed primarily of a bio-compatible material, the material
having sufficiently high thermal conductance to minimize
charring tissue and adhesion of tissue to the electrode.
[0019] The present invention is also related to an elec-
trode for use in electrosurgery with an electrode com-
posed of at least 90% silver, wherein the remainder is a
bio-compatible material, and further wherein the silver
has been work-hardened by at least 10%.
[0020] The present invention is also related to an elec-
trode for use in electrosurgery with an electrode core
composed of a material having greater thermal conduc-
tivity than stainless steel and an electrode coating sur-
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rounding the electrode core, the coating composed pri-
marily of silver, wherein the remainder of the coating is
a bio-compatible material.
[0021] The present invention is also related to an elec-
trode assembly with a core element having a proximal
end, a distal end, a shank region, and a tip extension,
wherein the tip extension has an average width in the
range from 0.1 mm to 15 mm, a distal tip, and a length
at least equal to the tip extension width, and wherein the
shank region has a cross-sectional area which is prima-
rily equal to or greater than that of the tip extension and
a length at least equal to the tip extension diameter The
electrode assembly also includes a connector electrically
coupled to the proximal end of the shank region and an
insulating sleeve over the shank region.
[0022] The present invention is also related to a meth-
od for fusing a fusible material to tissue. The method
includes providing an electrode having an energy-apply-
ing tip, wherein the tip has a curved surface, placing the
fusible material over tissue, energizing the electrode with
radio-frequency energy and engaging the curved surface
of the electrode tip against the fusible material while the
electrode is energized, whereby the fusible material fus-
es to the tissue.
[0023] The present invention is also related to a kit.
The kit includes an electrode assembly, instructions for
use setting forth a method as described above, and a
package holding the electrode assembly and the instruc-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 schematically illustrates an electrosurgical
system comprising a conventional electrosurgical
power supply and an electrode assembly according
to the present invention.
Fig. 2 is a detailed view of the electrode assembly
of Fig. 1, shown in partial section.
Fig. 3 is a detailed view of the distal tip of the elec-
trode assembly of Fig. 2.
Fig. 4 is a detailed view of the air gap between the
insulating sleeve and the core element of the elec-
trode assembly of Fig. 2.
Fig. 5 is a sectional view of a shank portion of the
electrode assembly, taken along line 5-5 of Fig. 2.
Fig. 6 is a sectional view of a head portion of the
electrode assembly, taken along line 6-6 of Fig. 2.
Fig. 7 illustrates use of the electrosurgical system of
Fig. 1 for applying radio-frequency energy to fuse a
patch material to tissue according to a method of the
present invention.
Fig. 8 illustrates use of the electrosurgical system of
Fig. 1 for applying radio-frequency energy to a gel
material to fuse said material to tissue according to
a method of the present invention.
Fig. 9 illustrates a kit according to the present inven-

tion comprising an electrode assembly, a package,
and instructions for use.
Fig. 10 is a sectional view of another embodiment of
an electrode according to the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

[0025] Referring to Fig. 1, an electrode assembly 10
constructed in accordance with the principles of the
present invention can be used together with a conven-
tional electrosurgical generator or power supply 12 hav-
ing a handpiece 14 with a distal connector 16 and a cable
18 connecting the handpiece to the power supply. The
electrosurgical power supply 12 may be any one of a
variety of power supplies intended for electrosurgical cut-
ting and/or coagulation available from suppliers such as
ConMed Corp., Utica, New York, and Valleylab, Inc.,
Boulder, Colorado. Such power supplies are generally
capable of operating at radio-frequencies of about 500
kHz and at power levels from 1 W to 300 W. The methods
of the present invention are preferably performed at rel-
atively low power levels, typically at power levels in the
range from 10 W to 50 W. A particular suitable power
supply is commercially available from ConMed Corp., un-
der the name Excalibur Plus PC™.
[0026] Referring now also to Fig. 2, the electrode as-
sembly 10 includes an electrode or core element 20, a
connector 22 adapted to plug into the connector 16 on
handpiece 14, and an insulating sleeve 24. The core el-
ement 20 is formed from an electrically and thermally
conductive material, such as silver of a purity level of
99.9% by weight. The core element includes a generally
cylindrical shank region 26 and a generally cylindrical
head or tip extension 28 extending distally from a distal
end of the shank region. As used herein, distal refers to
the end of an object furthest from the electrosurgical gen-
erator 12, while proximal refers to the end of an object
closest to the electrosurgical generator 12. As illustrated,
the core element 20 comprises a continuous structure
where the tip extension 28 tapers to a smaller cross-sec-
tional area from the shank region 26. The dimensions
and materials of the core element 20 are generally as set
forth herein. The connector 22 is received in an axial
receptacle 30 formed along the center line of the core
element 20. Typically, the connector 22 will be joined by
a friction fit, but electrically conductive adhesives and/or
welding could also be used. Any structure which provides
mechanical and electrical integrity will be suitable.
[0027] Typically, the connector 22 will be formed sep-
arately from the core element 20 and joined thereto, usu-
ally by a friction fit in a receptacle formed in the shank
region 26. Providing a separate connector is advanta-
geous since it permits the core element to be formed from
a material having particular characteristics suitable for
the core element (as described below) while the connec-
tor can be formed from a material which is suitable for
inserting into the handpiece of a conventional electrosur-
gical power supply. Typically, the connector will be com-
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posed of a stainless steel, such as stainless steel 303.
[0028] The configuration of the distal tip of tip extension
28 is illustrated in detail in Fig. 3. The distal tip of the tip
extension may be "rounded". By "rounded," it is meant
that the tip will terminate in a continuously curved surface.
Most simply, the continuously curved surface could be a
portion of a spherical, but it could also be ovoid or even
be asymmetrically curved about one or more axes. It is
preferred that the tip recess along continuous (generally
non-disrupted) curved lines so that its periphery is re-
cessed back from the center of the tip in a smooth man-
ner. Any geometry with an increasing cross-sectional ar-
ea when moving from the distal to the proximal end of
the core element should work. In the embodiment shown,
the distal tip comprises an end region 36 having a spher-
ical surface with a radius of curvature R1 which may typ-
ically be in the range from 3 mm to 5 mm, preferably
being about 3.3 mm. The end region 36 has a width W1,
typically a diameter, in the range from 2 mm to 6 mm,
typically being about 3 mm. A transition region 38 having
a minor radius of curvature R2 in the range from 1 mm
to 1.5 mm is disposed concentrically about the end region
36. The width W2 of the outer periphery of the transition
region 38 is equal to the diameter of the tip extension 28
and is in the range from 4 mm to 5 mm, typically being
about 4.6 mm. Thus, the transition region 38 has an an-
nular width in the range from about 0.5 mm to 0.75 mm.
It has been found that the radius of curvature of the end
region 36 contributes to the ability of the electrode as-
sembly 10 to deliver radio-frequency energy at the de-
sired fluxes without significant arcing or adhesion to un-
derlying tissues. The ability to provide the relatively nar-
row diameter tip extension 28 while providing the desired
radius of curvature of the end 30 is further facilitated by
providing the transition region having a lesser radius of
curvature R2. Thus, the distal tip of the distal extension
28 has a central region with the first radius of curvature
that is surrounded by a transition region having a different
minor radius of curvature to provide the desired energy
transfer characteristics. It is believed that these different
regions provide different flux densities in the electrical
energy applied to the tissue. Thus, the surgeon could
selectively manipulate the handpiece to orient different
portions of the tip toward the tissue to achieve different
electrosurgical effects. It would be possible to have an
end with a smaller radius of curvature than the transition
region, or any other combination, including no transition
region. In addition, the curved shape could be approxi-
mated by providing a plurality of small flat surfaces angled
slightly relative to each other to achieve a curved effect.
[0029] Each of the dimensions provided above is for
the embodiment shown. This invention is equally appli-
cable to laparoscopic, dental, and other applications
where it may be desirable to have a much smaller (or
possibly larger, in some circumstances) electrode. It is
the relative dimensions and not the absolute dimensions
that would be relevant in such other applications. For
example, it is possible that the overall width of the elec-

trode may be as small as 0.1 mm and as large as 15 mm.
[0030] The tip extension 28 has an average width, typ-
ically a diameter in the case of tip extensions having cir-
cular cross-sections, in the range from 3 mm to 5 mm.
The distal tip of the tip extension 28 is rounded and has
a length of at least about 5 mm, typically being in the
range from 5 mm to 15 mm. In order to enhance heat
transfer away from the tip extension 28, the shank region
26 of the core element will have a cross-sectional area
which is larger than that of the tip extension 28, preferably
being in the range from two times to eight times that of
the tip extension 28, as seen relatively in Figures 5 and
6. The shank region 26 will also have a length of at least
about 15 mm, preferably being in the range from 20 mm
to 50 mm. The shank region 26 is thus able to act as a
thermal sink or reservoir to draw away heat from the tip
extension 28 while the tip extension 28 itself remains
sufficiently small to access desired target sites, provide
sufficient visibility of the target site, and display the de-
sired energy transfer properties.
[0031] The electrode assembly 10 also includes the
insulating sleeve 24 formed over at least the shank region
26 of the core element 20. Preferably, the insulating
sleeve 24 will be formed over only the shank region 26
of the core element 20 (and optionally a distal portion of
the connector), leaving the tip extension 28 free from
insulation. The insulating sleeve 24 will usually be formed
of a polymeric material having a high dielectric strength
and ability to withstand relatively high temperatures. The
material may preferably have a dielectric strength equal
to or greater than 200 volts/mil (7874 kV/m). Suitable
materials include polyphenylsulfone, an amorphous pol-
ymer with high thermal stability and mechanical strength,
polyarylethersulfone, such as Radel™ or Radel-R™
(available from Amoco Polymers, Alphanette, Georgia),
polysulfone, such as Udel, polyetherimide, such as Ul-
tem, polycarbonate, such as Lexan, or any other suitable
material. As shown in Figure 1, the insulating sleeve 24
may preferably have a reduced diameter neck at a prox-
imal end thereof so that the neck portion can fit into the
distal connector 16 of the handpiece 14.
[0032] Referring now to Fig. 4, an air gap 40 is prefer-
ably provided beneath the insulating sleeve 24 and
around the exterior surface of the shank region 26 of the
core element 20. The air gap preferably has a width in
the range from 0.1 mm to 0.5 mm, usually being about
0.4 mm. The air gap is primarily useful to facilitate mount-
ing and/or removal of the sleeve 24 from the core element
20 in order to clean the electrode assembly. The air gap
additionally may enhance the transfer of heat away from
the shank region 26 which in turn enhances the heat con-
duction away from the tip extension 28. The ability to
remove heat from the tip extension 28 is also an important
aspect of lessening adhesion of the tip to the tissue/fu-
sible material.
[0033] The core element 20 is composed of a material
having both high electrical and thermal conductivities and
which is biologically compatible (bio-compatible) when
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used to apply radio-frequency energy to tissue and/or
fusible materials. The term bio-compatible is used to refer
to materials meeting the ISO 10993 standard for "Biolog-
ical Evaluation of Medical Devices." Preferably, the elec-
trode core element 20 will be formed from a substantially
pure metal having the desired electrical and thermal char-
acteristics. Suitable metals include silver and gold, or al-
loys of silver and gold. Particularly preferred are substan-
tially pure silver electrode cores, preferably having a pu-
rity of at least 90% by weight, more preferably of at least
99% by weight, and even more preferably, of 99.9% by
weight. The remainder of the electrode core would be
composed of another bio-compatible metal. Alternative-
ly, it is possible to employ a variety of composite, lami-
nated, and coated structures as the electrode core. For
example, it would be possible to employ an aluminum
central core 50 which is coated with a coating 52 of silver,
gold, or tungsten, preferably silver, as shown in Figure
10. The coating 52 of the outer metal should be relatively
thick, typically having an annular thickness of at least
about 0.5 mm, preferably at least about 1 mm. The central
core 50 should be composed of a material having higher
thermal conductivity than stainless steel, such as alumi-
num or copper. Even less preferably, carbon-coated
stainless steel electrodes, such as those described in
U.S. Patent No. 4,074,718, could be used for performing
the methods of the present invention. Such carbon-coat-
ed electrodes, however, do not display the optimum per-
formance characteristics of the preferred pure metal, e.g.
pure silver, electrodes.
[0034] One issue with such high purity levels of silver
is the ductile nature of pure (or nearly pure) silver. Be-
cause of this, it is preferred to cold work-harden the silver
by at least a 10% reduction in area in a conventional
manner. Once work-hardened in this manner, the silver
can be formed into a usable instrument such as the elec-
trode of the present invention. Even more preferable is
silver that has been work-hardened by a 50% reduction
in area. Work-hardening has been found to not substan-
tially affect the thermal conductivity of the material while
making it much more resistant to damage.
[0035] The ability to transfer heat away from the tip
extension 28 of the core element 20 is an important ad-
vantage of the electrode assemblies of the present in-
vention. The use of silver or gold (or other thermally con-
ductive materials) as the core material as well as the
shape of the electrode are primarily responsible for the
improved heat transfer. The heat transfer is further en-
hanced by the enlarged cross-sectional area of the shank
region 26 of the core element 20. This enlarged
cross-sectional area of the shank region 26 helps to pro-
mote the flow of heat away from the distal tip of the tip
extension 28, since the heat flow is proportional to the
thermal conductivity of the metal, to the cross-sectional
area of the region of interest, and to the temperature dif-
ferential across the region of interest. The heat flow is
inversely proportional to the length of the region of inter-
est. As can be appreciated, this invention directly ad-

dresses the thermal conductivity and the cross-sectional
area variables of the heat flow equation. The heat transfer
capability is possibly still further enhanced by configuring
the insulating sleeve 24 to leave a small air gap between
the inner surface of the sleeve and the outer surface of
the shank region 26. Usually, this is achieved by providing
an insulating sleeve with an inner diameter which is slight-
ly larger than the outer diameter of the shank region 26,
typically being sufficiently large to provide an annular air
gap in the range from 0.1 mm to 0.5 mm. It is possible
that the shank region could have a small neck therein.
Such a design may still achieve the desired effect of the
present invention since the portion of the shank region
on the distal side of the neck may adequately act as the
thermal reservoir. Similarly, the neck extension may have
a small neck therein.
[0036] A factor controlling the overall width of the tip
of the electrode is the need to preserve the surgeon’s
view of the surgical site while performing electrosurgery
with the electrode. For this reason, the electrode tip is
limited to a reasonable width and is connected to a ther-
mal reservoir (the shank region) not too far away there-
from. In this manner, the visibility of the surgical site is
maintained.
[0037] It can be appreciated that the silver or gold elec-
trodes of the present invention can be autoclaved or sub-
jected to other sterilization techniques and thus are suit-
able as reusable instruments. In addition, the particular
insulating sleeves discussed above as well as the con-
nector may be sterilized as well.
[0038] Referring now to Fig. 7, a fusible patch 50, which
may be gelatin, collagen or other biological or non-bio-
logical fusible material, is placed over a target tissue sur-
face T. Specific fusible materials and tissue surfaces in-
clude a gelatin patch sold under the name RAPISEAL™
patch by Fusion Medical Technologies of Mountain View,
California. After placement of the patch 50, the user ma-
nipulates electrosurgical handpiece 14 to engage the end
region 36 of the tip extension 28 of the core element
against the patch 50. Radio-frequency energy is applied
through the electrode assembly 10 and into the interface
of the patch 50 and tissue surface T in order to fuse the
patch material to the underlying tissue. The power supply
will generally be operated within the power ranges set
forth above. The electrode assembly 10 will be engaged
directly against the patch material 50 and held against
the patch material until the material has visibly fused to
the tissue. The entire patch area 50 may be contacted
and fused. Alternatively, only portions of the patch ma-
terial may be contacted and "tacked" to the underlying
tissue.
[0039] Referring now to Fig. 8, a flowable fusible ma-
terial F may be applied to tissue T using a syringe, spat-
ula, or other applicator. Suitable flowable materials may
include collagen or gelatin in liquid or gel form. After the
flowable material is applied, the handpiece 14 of the elec-
trosurgical system will be used to engage the end region
36 of the electrode assembly 10 against the flowable ma-
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terial. Energy will be applied as described above in order
to fuse the flowable material left to the underlying tissue.
Generally, it will be necessary to apply energy to the en-
tire surface area of the flowable material left in order to
immobilize that material to the tissue in a desired fashion.
[0040] As can be seen, the methods according to the
present invention for fusing a fusible material to tissue
include providing an electrode having an energy-supply-
ing tip, at least a portion of which may be rounded as
defined above. Preferred electrodes are described above
in connection with the electrode assembly. The fusible
material is placed over tissue, and the electrode ener-
gized with radio-frequency energy. The spherical surface
of the energized electrode is then engaged against the
fusible material, whereby the fusible material fuses to the
tissue. Usually, the fusible material is a biological mate-
rial, such as a protein, carbohydrate, or combination
thereof, but it may also be a synthetic polymer. An ex-
emplary fusible material comprises gelatin. The fusible
material may be in a solid form, such as a film, sheet, or
patch, prior to placement and application of radio-fre-
quency energy. Alternatively, the fusible material may be
in a flowable form, such as a liquid or gel, prior to place-
ment and fusion. The energizing step typically comprises
applying a radio-frequency current between the elec-
trode and the tissue, typically at a power level in the range
from 5 watts (W) to 100 W, preferably from 10 W to 45
W. Such energy is usually applied using a conventional
electrosurgical power supply in a monopolar manner.
[0041] Any electrode assembly of the present inven-
tion may be packaged together with instructions for use
(IFU) in a kit, as shown in Fig. 9. A conventional package,
which may be a pouch P or any other suitable package,
such as a tray, box, tube, or the like, may be used to
contain the electrode assembly 10 and IFU, where the
IFU may be printed on a separate sheet and/or may be
printed on the packaging itself. Optionally, but not nec-
essarily, the electrode assembly 10 may be sterilized
within the package, e.g. by radiation or ethyleneoxide.
The instructions will set forth any of the aspects of the
method of the present invention described above. Pref-
erably, the electrode will be silver and will be maintained
in a non-oxidative environment, e.g. in an inert gas, within
the package.
[0042] While the above is a complete description of
the preferred embodiments of the invention, various al-
ternatives, modifications, and equivalents may be used.
Therefore, the above description should not be taken as
limiting the scope of the invention which is defined by the
appended claims.

Claims

1. An electrode for use in electrosurgery, comprising:

a shank region (26);
an elongated electrode tip (28) having a distal

end and a proximal end spaced apart from the
distal end, the distal end having a cross-section-
al area that is substantially equal to or less than
the cross-sectional area of the elongated elec-
trode tip (28) between the distal end and the
proximal end and the proximal end has a
cross-sectional area greater than the cross-sec-
tional area of the distal end;
a thermal reservoir (20) coupled in part in the
shank region (26) and joining the electrode tip
(28) at the proximal end, the thermal reservoir
(20) including the portion coupled in part to the
shank region (26) generally having a greater
cross-sectional area than the cross-sectional ar-
ea of the electrode tip (28) to enhance the heat
flow from the electrode tip (28) to the thermal
reservoir (20) to reduce the temperature of the
electrode tip (28) during electrosurgery; and
an insulating sleeve (24), wherein the insulating
sleeve (24) has an inner surface that at least
partially surrounds shank region (26).

2. An electrode as defined in claim 1, wherein the elon-
gated electrode tip (28) is generally cylindrical.

3. An electrode as defined in claim 1, wherein the ther-
mal reservoir (20) is generally cylindrical.

4. An electrode as defined in claim 1, wherein each of
the elongated electrode tip (28) and thermal reser-
voir (20) is generally cylindrical.

5. An electrode as defined in claim 1, wherein the elec-
trode is monopolar.

6. An electrode as defined in any of the preceding
claims, the electrode being composed of a material
with a purity level of over 95% by weight, the material
coming from the group consisting of silver, gold, and
any alloy of silver and gold, wherein the remainder
of the electrode is composed of a bio-compatible ma-
terial.

7. An electrode as defined in claim 6, wherein the ther-
mal reservoir (20) has a greater cross-sectional area
than the cross-sectional area of the elongated elec-
trode tip between the distal end and the proximal of
the electrode.

8. An electrode as defined in claim 7, wherein the
cross-sectional area of the electrode mains substan-
tially constant or increases from the distal end of the
electrode tip (28) to the thermal reservoir (20).

9. An electrode as defined in claim 6, wherein the purity
level is over 97%.

10. An electrode as defined in claim 6, wherein the purity
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level is 99.9% or greater.

11. An electrode as defined in any of the preceding
claims,
the electrode being composed primarily of a
bio-compatible material, the material having suffi-
ciently high thermal conductance to minimize char-
ring tissue and adhesion of tissue to the electrode.

12. An electrode as defined in any of the preceding
claims,
the electrode being composed of at least 90% silver,
wherein the remainder is a bio-compatible material,
and further wherein the silver has been work-hard-
ened by at least 10%.

13. An electrode as defined in claim 6, further compris-
ing:

the elongated electrode tip (28) at a distal end
of the electrode, the elongated electrode tip (28)
having a distal and a proximal end, wherein the
electrode head has a cross-sectional area at the
distal end that is substantially equal to or less
than the cross-sectional area of the elongated
electrode tip (28) between the distal end and the
proximal end; and
a thermal reservoir (20) joining the elongated
electrode tip (28) at a position spaced apart from
the distal end, the thermal reservoir (20) gener-
ally having a greater cross-sectional area than
the cross-sectional area of the elongated elec-
trode tip (28) to enhance the heat flow from the
elongated electrode tip (28) to the thermal res-
ervoir (20) to reduce the temperature of the elon-
gated electrode tip (28) during electrosurgery;

wherein the elongated electrode tip (28) and thermal
reservoir (20) are composed of at least 90% silver
by weight, with the remainder being a bio-compatible
material, wherein the silver has been work-hardened
by at least 10%

14. An electrode as defined in any of claims 1-6,
the thermal reservoir (20) comprising an electrode
core and an electrode coating surrounding the elec-
trode core and being composed of a material having
greater thermal conductivity than stainless steel; and
the electrode coating surrounding the electrode
core, the coating composed primarily of silver,
wherein the remainder of the coating is a bio-com-
patible material.

15. An electrode as defined in claim 14, wherein the elec-
trode core is composed of aluminum, copper, or an
alloy thereof.

16. An electrode as defined in any of the preceding

claims,
wherein the elongated electrode tip (28) has an av-
erage width in the range from 0.1 mm to 15 mm, and
a length at least equal to the elongated electrode tip
(28) width, and wherein the thermal reservoir (20)
has a cross-sectional area which is primarily equal
to or greater than that of the elongated electrode tip
(28) and a length at least equal to the elongated elec-
trode tip (28) diameter;
further comprising:

a connector electrically coupled to the proximal
end of the thermal reservoir (20).

17. An electrode as defined in claim 16, wherein the in-
sulating sleeve has an internal width that is sufficient-
ly large so that an air gap is left between an inner
surface of the sleeve and an outer surface of the
shank region.

18. An electrode as defined in claim 17, wherein the air
gap has an average width in the range from 0.1 mm
to 0.5 mm.

19. An electrode as defined in claim 16, wherein the elon-
gated electrode tip (28) is free from insulation or coat-
ing.

20. An electrode as defined in claim 16, wherein the dis-
tal end of the elongated electrode tip (28) has a dis-
tal-most end region with a radius of curvature in the
range from 1 mm to 7 mm.

21. An electrode assembly as defined in claim 20,
wherein the distal end of the elongated electrode tip
(28) has a transition region concentrically disposed
about the distal-most end, wherein the transition re-
gion has a radius of curvature smaller than the radius
of curvature of the distal-most end region.

22. An electrode as defined in claim 16, wherein the in-
sulating sleeve is an electrical insulator composed
of a bio-compatible material that can withstand au-
to-claving.

23. An electrode as defined in claim 22, wherein the in-
sulating sleeve is composed of a dielectric material

24. An electrode as defined in claim 22, wherein the in-
sulating sleeve is composed of a material coming
from the group consisting of polyarylethersulfone,
polysulfone, polyetherimide, and polycarbonate.

Patentansprüche

1. Eine Elektrode zur Anwendung in der Elektrochirur-
gie, umfassend :
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einen Schaftbereich (26) ;
eine längliche Elektrodenspitze (28) mit einem
distalen Ende und einem von dem distalen Ende
beabstandeten proximalen Ende, wobei das di-
stale Ende eine Querschnittsfläche hat, die im
Wesentlichen gleich der oder kleiner als die
Querschnittsfläche der länglichen Elektroden-
spitze (28) zwischen dem distalen Ende und
dem proximalen Ende ist, und das proximale En-
de eine Querschnittsfläche hat, die größer als
die Querschnittsfläche des distalen Endes ist ;
ein teilweise in dem Schaftbereich (26) gekop-
peltes und an dem proximalen Ende an die Elek-
trodenspitze (28) anschließendes Thermore-
servoir (20), wobei das Thermoreservoir (20)
einschließlich des teilweise an den Schaftbe-
reich (26) gekoppelten Teils im allgemeinen ei-
ne größere Querschnittsfläche hat als die Quer-
schnittsfläche der Elektrodenspitze (28), um
den Wärmefluss von der Elektrodenspitze (28)
zu dem Thermoreservoir (20) zu verbessern, um
die Temperatur der Elektrodenspitze (28) wäh-
rend eines elektrochirurgischen Eingriffs zu ver-
ringern, und
eine isolierende Hülse (24), wobei die isolieren-
de Hülse (24) eine Innenfläche hat, die zumin-
dest teilweise den Schaftbereich (26) umgibt.

2. Eine Elektrode, wie in Anspruch 1 definiert, wobei
die längliche Elektrodenspitze (28) generell zylin-
drisch ist.

3. Eine Elektrode, wie in Anspruch 1 definiert, wobei
das Thermoreservoir (20) generell zylindrisch ist.

4. Eine Elektrode, wie in Anspruch 1 definiert, wobei
jedes der länglichen Elektrodenspitze (28) und des
Thermoreservoirs (20) generell zylindrisch ist.

5. Eine Elektrode, wie in Anspruch 1 definiert, wobei
die Elektrode monopolar ist.

6. Eine Elektrode, wie in einem der vorangehenden An-
sprüche definiert, wobei die Elektrode aus einem
Material mit einem Reinheitsgrad von über 95 Ge-
wichtsprozent zusammengesetzt ist, wobei das Ma-
terial aus der aus Silber, Gold und jeder Legierung
von Silber und Gold bestehenden Gruppe stammt,
wobei sich der Rest der Elektrode aus einem bio-
kompatiblen Material zusammensetzt.

7. Eine Elektrode, wie in Anspruch 6 definiert, wobei
das Thermoreservoir (20) eine größere Quer-
schnittsfläche hat als die Querschnittsfläche der
länglichen Elektrodenspitze zwischen dem distalen
Ende und dem proximalen Ende der Elektrode.

8. Eine Elektrode, wie in Anspruch 7 definiert, wobei

die Querschnittsfläche der Elektrode von dem dista-
len Ende der Elektrodenspitze (28) zu dem Thermo-
reservoir (20) im Wesentlichen konstant bleibt oder
ansteigt.

9. Eine Elektrode, wie in Anspruch 6 definiert, wobei
der Reinheitsgrad über 97% beträgt.

10. Eine Elektrode, wie in Anspruch 6 definiert, wobei
der Reinheitsgrad 99,9% oder mehr beträgt.

11. Eine Elektrode, wie in einem der vorangehenden An-
sprüche definiert, wobei die Elektrode in erster Linie
aus einem biokompatiblen Material zusammenge-
setzt ist, wobei das Material eine ausreichend hohe
thermische Leitfähigkeit hat, um Verkohlen von Ge-
webe und Anhaften von Gewebe an der Elektrode
zu minimieren.

12. Eine Elektrode, wie in einem der vorangehenden An-
sprüche definiert, wobei die Elektrode aus zumin-
dest 90% Silber zusammengesetzt ist, wobei der
Rest ein biokompatibles Material ist, und wobei das
Silber weiterhin um zumindest 10% kaltverfestigt
wurde.

13. Eine Elektrode, wie in Anspruch 6 definiert, weiter
umfassend :

die längliche Elektrodenspitze (28) an einem di-
stalen Ende der Elektrode, wobei die längliche
Elektrodenspitze (28) ein distales und ein pro-
ximales Ende hat, wobei der Elektrodenkopf ei-
ne Querschnittsfläche an dem distalen Ende
hat, die im Wesentlichen gleich der oder kleiner
als die Querschnittsfläche der länglichen Elek-
trodenspitze (28) zwischen dem distalen Ende
und dem proximalen Ende ist ; und
ein Thermoreservoir (20), das in einer von dem
distalen Ende beabstandeten Position an der
länglichen Elektrodenspitze (28) anschließt,
wobei das Thermoreservoir (20) generell eine
größere Querschnittsfläche als die Quer-
schnittsfläche der länglichen Elektrodenspitze
(28) hat, um den Wärmefluss von der länglichen
Elektrodenspitze (28) zu dem Thermoreservoir
(20) zu verbessern, um die Temperatur der läng-
lichen Elektrodenspitze (28) während eines
elektrochirurgischen Eingriffs zu veringern ;

wobei die längliche Elektrodenspitze (28) und das
Thermoreservoir (20) aus zumindest 90 Gewichts-
prozent Silber zusammengesetzt sind, wobei der
Rest ein biokompatibles Material ist, wobei das Sil-
ber um zumindest 10% kaltverfestigt worden ist.

14. Eine Elektrode, wie in einem der Ansprüche 1-6 de-
finiert,
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wobei das Thermoreservoir (20) einen Elektroden-
kern und einen Elektrodenüberzug, der den Elektro-
denkern umgibt und aus einem Material mit einer
größeren thermischen Leitfähigkeit als Edelstahl zu-
sammengesetzt ist, umfasst; und
wobei der Elektrodenüberzug den Elektrodenkern
umgibt, wobei der Überzug sich in erster Linie aus
Silber zusammensetzt, wobei der Rest des Über-
zugs ein biokompatibles Material ist.

15. Eine Elektrode, wie in Anspruch 14 definiert, wobei
der Elektrodenkern aus Aluminium, Kupfer oder ei-
ner Legierung davon zusammengesetzt ist.

16. Eine Elektrode, wie in einem der vorangehenden An-
sprüche definiert,
wobei die längliche Elektrodenspitze (28) eine
durchschnittliche Breite im Bereich von 0,1 mm bis
15 mm und eine Länge zumindest gleich der Breite
der länglichen Elektrodenspitze (28) hat, und wobei
das Thermoreservoir (20) eine Querschnittsfläche,
die in erster Linie gleich der oder größer als die der
länglichen Elektrodenspitze (28) ist, und eine Länge,
die zumindest gleich dem Durchmesser der längli-
chen Elektrodenspitze (28) ist, hat ;
weiter umfassend :

ein elektrisch an das proximale Ende des Ther-
moreservoirs (20) gekoppeltes Verbindungs-
stück.

17. Eine Elektrode, wie in Anspruch 16 definiert, wobei
die isolierende Hülse eine innere Weite hat, die groß
genug ist, sodass ein Luftspalt zwischen einer In-
nenfläche der Hülse und einer Außenfläche des
Schaftbereichs belassen wird.

18. Eine Elektrode, wie in Anspruch 17 definiert, wobei
der Luftspalt eine durchschnittliche Breite im Bereich
von 0,1 mm bis 0,5 mm hat.

19. Eine Elektrode, wie in Anspruch 16 definiert, wobei
die längliche Elektrodenspitze (28) frei von Isolation
oder Überzug ist.

20. Eine Elektrode, wie in Anspruch 16 definiert, wobei
das distale Ende der länglichen Elektrodenspitze
(28) einen distalsten Endbereich mit einem Krüm-
mungsradius im Bereich von 1 mm bis 7 mm hat.

21. Eine Elektrodenbaugruppe, wie in Anspruch 20 de-
finiert, wobei das distale Ende der länglichen Elek-
trodenspitze (28) einen konzentrisch über dem di-
stalsten Ende angeordneten Übergangsbereich hat,
wobei der Übergangsbereich einen Krümmungsra-
dius hat, der kleiner als der Krümmungsradius des
distalsten Endbereichs ist.

22. Eine Elektrode, wie in Anspruch 16 definiert, wobei
die isolierende Hülse ein elektrischer Isolator ist, der
aus einem biokompatiblen Material zusammenge-
setzt ist, das Autoklavbehandlung widerstehen
kann.

23. Eine Elektrode, wie in Anspruch 22 definiert, wobei
die isolierende Hülse aus einem dielektrischen Ma-
terial zusammengesetzt ist.

24. Eine Elektrode, wie in Anspruch 22 definiert, wobei
die isolierende Hülse aus einem Material zusam-
mengesetzt ist, das aus der aus Polyarylethersulfon,
Polysulfon, Polyetherimid und Polycarbonat beste-
henden Gruppe stammt.

Revendications

1. Électrode à utiliser en électrochirurgie, comprenant :

une région (26) en forme de tige ;
une extrémité allongée d’électrode (28) possé-
dant une extrémité distale et une extrémité
proximale à distance de l’extrémité distale, l’ex-
trémité distale possédant une section qui est es-
sentiellement égale ou inférieure à la section de
l’extrémité allongée d’électrode (28) entre l’ex-
trémité distale et l’extrémité proximale, l’extré-
mité proximale possédant une section supérieu-
re à la section de l’extrémité distale ;
un accumulateur de chaleur (20) couplé en par-
tie à la région (26) en forme de tige et se joignant
à l’extrémité d’électrode (28) à l’extrémité proxi-
male, l’accumulateur thermique (20) englobant
la portion couplée en partie à la région en forme
de tige (26) possédant en général une section
supérieure à la section supérieure de l’extrémité
d’électrode (28) dans le but d’augmenter le flux
de chaleur depuis l’extrémité d’électrode (28)
jusqu’à l’accumulateur thermique (20) afin de ré-
duire la température de l’extrémité d’électrode
(28) au cours d’une électrochirurgie ; et
un manchon isolant (24), la surface interne du
manchon isolant (24) entourant au moins en par-
tie la région en forme de tige (26).

2. Électrode telle que définie à la revendication 1, dans
laquelle l’extrémité allongée d’électrode (28) est gé-
néralement cylindrique.

3. Électrode telle que définie à la revendication 1, dans
laquelle l’accumulateur thermique (20) est généra-
lement cylindrique.

4. Électrode telle que définie à la revendication 1, dans
laquelle l’extrémité allongée d’électrode (28) et l’ac-
cumulateur thermique (20) sont chacun générale-
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ment cylindriques.

5. Électrode telle que définie à la revendication 1, dans
laquelle l’électrode est monopolaire.

6. Électrode telle que définie dans l’une quelconque
des revendications précédentes, l’électrode étant
composée d’une matière possédant un niveau de
pureté supérieure à 95 % en poids, la matière étant
choisie parmi le groupe constitué par l’argent, l’or et
n’importe quel alliage d’argent et d’or, le reste de
l’électrode étant composé d’une matière biocompa-
tible.

7. Électrode telle que définie à la revendication 6, dans
laquelle la section de l’accumulateur thermique (20)
est supérieure à la section de l’extrémité allongée
d’électrode, entre l’extrémité distale et l’extrémité
proximale de l’électrode.

8. Électrode telle que définie à la revendication 7, dans
laquelle la section de l’électrode reste essentielle-
ment constante ou bien augmente depuis l’extrémité
distale de l’extrémité d’électrode (28) jusqu’à l’accu-
mulateur thermique (20).

9. Électrode telle que définie à la revendication 6, dans
laquelle le niveau de pureté est supérieur à 97 %.

10. Électrode telle que définie à la revendication 6, dans
laquelle le niveau de pureté est supérieur à 99,9 %.

11. Électrode telle que définie dans l’une quelconque
des revendications précédentes, l’électrode étant
composée à titre principal d’une matière biocompa-
tible, la matière possédant une conductibilité thermi-
que suffisamment élevée pour minimiser la carboni-
sation tissulaire et l’adhérence du tissu à l’électrode.

12. Électrode telle que définie dans l’une quelconque
des revendications précédentes, l’électrode étant
composée d’argent à concurrence d’au moins 90 %,
le reste étant une matière biocompatible, et en outre
dans laquelle l’argent a été soumis à un écrouissage
à concurrence d’au moins 10 %.

13. Électrode telle que définie à la revendication 6, com-
prenant en outre :

l’extrémité allongée d’électrode (28) à une ex-
trémité distale de l’électrode, l’extrémité allon-
gée d’électrode (28) possédant une extrémité
distale et une extrémité proximale, la tête d’élec-
trode possédant une section à l’extrémité distale
qui est essentiellement égale ou inférieure à la
section de l’extrémité allongée d’électrode (28)
entre l’extrémité distale et l’extrémité
proximale ; et

un accumulateur thermique (20) se joignant à
l’extrémité allongée d’électrode (28) à un endroit
situé à distance de l’extrémité distale, l’accumu-
lateur thermique (20) possédant généralement
une section supérieure à la section de l’extrémi-
té allongée d’électrode (28) dans le but d’aug-
menter le flux de chaleur depuis l’extrémité al-
longée d’électrode (28) jusqu’à l’accumulateur
thermique (20) afin de réduire la température de
l’extrémité allongée d’électrode (28) au cours
d’une électrochirurgie ;
l’extrémité allongée d’électrode (28) et l’accu-
mulateur thermique (20) étant composés d’ar-
gent, à concurrence d’au moins 90 % en poids,
le reste étant une matière biocompatible, l’ar-
gent ayant été soumis à un écrouissage à con-
currence d’au moins 10 %.

14. Électrode telle que définie dans l’une quelconque
des revendications 1-6,
l’accumulateur thermique comprenant une âme
d’électrode et un recouvrement d’électrode entou-
rant l’âme de l’électrode et étant composé d’une ma-
tière dont la conductibilité thermique est supérieure
à celle de l’acier inoxydable ; et
le recouvrement de l’électrode entourant l’âme de
l’électrode, le recouvrement étant composé d’argent
à titre principal, le reste du recouvrement étant cons-
titué d’une matière biocompatible.

15. Électrode telle que définie à la revendication 14,
dans laquelle l’âme de l’électrode est composée
d’aluminium, de cuivre ou d’un de leurs alliages.

16. Électrode telle que définie dans l’une quelconque
des revendications précédentes,
dans laquelle l’extrémité allongée d’électrode (28)
possède une largeur moyenne dans la plage de 0,1
mm à 15 mm et une longueur au moins égale à la
largeur de l’extrémité allongée d’électrode (28), et
dans laquelle l’accumulateur thermique (20) possè-
de une section qui est principalement égale ou su-
périeure à celle de l’extrémité allongée d’électrode
(28) et une longueur au moins égale au diamètre de
l’extrémité allongée d’électrode (28) ;
comprenant en outre :

un raccord couplé électriquement à l’extrémité
proximale de l’accumulateur thermique (20).

17. Électrode telle que définie à la revendication 16,
dans laquelle le manchon isolant possède une lar-
geur interne qui est suffisamment importante pour
laisser subsister un espace libre pour l’air entre la
surface interne du manchon et la surface externe de
la région en forme de tige.

18. Électrode telle que définie à la revendication 17,
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dans laquelle l’espace libre pour l’air possède une
largeur moyenne dans la plage de 0,1 mm à 0,5 mm.

19. Électrode telle que définie à la revendication 16,
dans laquelle l’extrémité allongée d’électrode (28)
est exempte d’isolant ou de recouvrement.

20. Électrode telle que définie à la revendication 16,
dans laquelle l’extrémité distale de l’extrémité allon-
gée d’électrode (28) possède une région terminale
située le plus en position distale dont le rayon de
courbure se situe dans la plage de 1 mm à 7 mm.

21. Électrode telle que définie à la revendication 20,
dans laquelle l’extrémité distale de l’extrémité allon-
gée d’électrode (28) possède une région de transi-
tion disposée en position concentrique autour de
l’extrémité située le plus en position distale, la région
de transition possédant un rayon de courbure infé-
rieur au rayon de courbure de la région de l’extrémité
située le plus en position distale.

22. Électrode telle que définie à la revendication 16,
dans laquelle le manchon isolant est un isolant élec-
trique composé d’une matière biocompatible qui ma-
nifeste une aptitude à la résistance au passage à
l’autoclave.

23. Électrode telle que définie à la revendication 22,
dans laquelle le manchon isolant est composé d’une
matière diélectrique.

24. Électrode telle que définie à la revendication 22,
dans laquelle le manchon isolant est composé d’une
matière choisie parmi le groupe constitué par la po-
lyaryléthersulfone, la polysulfone, le polyétherimide
et le polycarbonate.
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